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Exhaust-gas purification system with particulate filter and 
method of operation thereof with improved regeneration of the 

particulate filter 

The present invention relates to an exhaust-gas purifi- 
cation system with a particulate filter for purifying the ex- 
haust gases of an internal combustion engine and to a method 
of operating this exhaust-gas purification system with im- 
proved regeneration of the particulate filter. More particu- 
larly, this invention relates to an exhaust-gas purification 
system for a diesel engine containing a diesel particulate 
filter. 

Motor vehicles with diesel engines are gaining an ever 
greater share in the entire vehicle stock, inter alia, be- 
cause of their comparatively low fuel consumption values. 
This also applies to diesel passenger cars, in particular. 

A major problem of diesel engines, however, continues to 
be the purification of their exhaust gas. In addition to the 
pollutants known from gasoline engines, i.e., carbon monoxide 
(CO), hydrocarbons (HC) , and various nitrogen oxides (NOx) , 
the exhaust gas of diesel engines also contains soot parti- 
cles. Moreover, diesel engines are operated with a lean air/ 
fuel mixture so that their exhaust gas contains a high pro- 
portion of oxygen of about 5 to 15 vol.-%, while the exhaust 
gas of stoichiometrically operated gasoline engines has an 
oxygen content of only about 0.7 vol.-%. As a rule, the ex- 
haust gas of diesel engines is also substantially colder than 
that of gasoline engines. 

The exhaust gas of modern diesel engines for passenger 
cars has temperatures between only about 80 and 250 °C in ur- 
ban traffic, i.e., when operated at partial load. Exhaust-gas 
temperatures reach 400 to 500 °C only at full load. These 
numbers refer to the temperatures at the engine outlet and, 
respectively, downstream of a turbocharger widely used today. 
Due to the thermal losses along the exhaust-gas purification 
system by heat dissipation and heat conduction the exhaust- 
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gas temperature upstream of a catalyst arranged in the 
underflopr area lies substantially below these values. 

These particular features of the diesel exhaust gas pose 
corresponding problems during its purification. Thus, the 
high oxygen content makes it impossible to simultaneously 
convert carbon monoxide, hydrocarbons and nitrogen oxides 
into the harmless compounds of water, carbon dioxide and ni- 
trogen as in a stoichiometrically operated gasoline engine. 
However, as the emission of nitrogen oxides from a diesel en- 
gine is usually low it is frequently sufficient to purify the 
diesel exhaust gas using a so-called diesel oxidation cata- 
lyst, that is, carbon monoxide and hydrocarbons are converted 
into water and carbon dioxide at the diesel oxidation cata- 
lyst. Catalyst suitable for this purpose are described in DE 
39 40 758 Al (US Patent No. 5,157,007), US Patent No. 
5,928,981 and EP 0 920 913 Al (US Patent No. 6,342,465 Bl) , 
for example. These catalysts usually comprise a platinum-ac- 
tivated aluminum oxide mixed with other oxidic components, 
such as silicon dioxide, titanium oxide and various zeolites, 
for example. 

In order to obtain a purifying effect with such an oxi- 
dation catalyst which starts as rapidly as possible the oxi- 
dation catalyst is usually arranged closely downstream of the 
engine outlet . 

So-called diesel particulate filters are employed to re- 
move the particles from the exhaust gas of diesel engines. 
These can be deep-bed filters, such as metal foams, ceramic 
foams or fiber filters, or surface filters. The so-called 
wall flow filters are suitable for use as surface filters. 
These are filters of the ceramic honeycomb body type, as are 
used in large numbers as carriers for catalytically active 
coatings in exhaust-gas catalysis. The entry and discharge 
openings of the flow passages of these honeycomb bodies are 
alternately closed to achieve a filtering effect so that the 
exhaust gas is forced to flow through the porous walls of the 
flow passages on its way through the wall flow filter. In do- 
ing so, the soot contained in the exhaust gas deposits mainly 
on the walls of the flow passages. 
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Increasing soot deposition continuously raises the ex- 
haust backpressure of the filter. Therefore, the filter must 
be regenerated from time to time by burning the soot off. 
This, however, requires temperatures of the particulate fil- 
ter of at least 600 °C in order to ignite the soot combus- 
tion. By coating the filter with a so-called soot ignition 
coating the ignition temperature of the soot can be lowered 
by about 100 to 150 °C. But even in this case other active 
modifications are still necessary to raise the exhaust-gas 
temperature at the site of the particulate filter to the ig- 
nition temperature. 

There exist various concepts for raising the temperature 
of the particulate filter. In any case, however, the regen- 
eration of the filter entails an increase in energy or fuel 
consumption. The temperature of the filter may be raised by 
internal engine modifications, such as re-injection of fuel, 
late combustion point, multistage combustion or by external 
heating. 

Internal engine modifications lead to an increase of the 
engine's exhaust-gas temperature. At the same time, the con- 
tent of unburned hydrocarbons in the exhaust gas rises. These 
hydrocarbons are burned on the oxidation catalyst usually 
provided upstream of the particulate filter. The heat of com- 
bustion released in this process increases the exhaust-gas 
temperature further. It is also known to directly inject fuel 
into the exhaust gas upstream of the oxidation catalyst and 
burn it at the catalyst. 

In addition to these active modifications, passive modi- 
fications are known for improving the filter regeneration. 
For this purpose, the filter may be provided with an already 
mentioned coating for reducing the soot ignition temperature. 

It is an object of the present invention to provide an 
exhaust-gas purification system and a method of its operation 
which supports the active regeneration of the particulate 
filter and can reduce fuel consumption for the regeneration. 

This object is solved by an exhaust-gas purification 
system for the exhaust gases of an internal combustion en- 
gine, which includes an oxidation catalyst and a catalyti- 
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cally coated particulate filter provided downstream thereof. 
The exhaust-gas purification system is characterized in that 
the oxidation catalyst is arranged close to the engine up- 
stream of the particulate filter and a hydrocarbon adsorber 
is located between the oxidation catalyst and the particulate 
filter, wherein the particulate filter is coated with another 
oxidation catalyst for the combustion of hydrocarbons. 

Modern diesel engines emit an average of 0.2 to 0.5 
grams of hydrocarbons per kilometer. The exhaust-gas purifi- 
cation system according to this invention utilizes at least 
part of these emissions in order to reduce the fuel consump- 
tion during the regeneration of the particulate filter. The 
hydrocarbon emission is particularly high during cold start. 
During this phase, the oxidation catalyst has not yet reached 
its light-off temperature so that the hydrocarbons pass the 
oxidation catalyst as they are and are adsorbed by the hydro- 
carbon adsorber. This also occurs during operating phases at 
low load and, accordingly, low exhaust-gas temperatures. Dur- 
ing these operating phases, the oxidation catalyst is too 
cold in order to completely convert the emitted hydrocarbons. 
They are adsorbed by the hydrocarbon adsorber instead. 

Only during operating phases at higher load will the ex- 
haust-gas temperature exceed the light-off temperature of the 
oxidation catalyst so that the hydrocarbons will then be 
burned nearly quantitatively at the catalyst. However, a cor- 
responding design of the exhaust-gas purification system can 
prevent the temperature at the hydrocarbon adsorber from ex- 
ceeding the desorption temperature so that premature desorp- 
tion of hydrocarbons is prevented. The desorption temperature 
is dependent on the adsorption material used and ranges be- 
tween 150 to 240 °C for common materials, such as zeolites or 
activated carbon, for example. To prevent premature desorp- 
tion, the hydrocarbon adsorber is therefore arranged closely 
upstream of the particulate filter in the underfloor area of 
the motor vehicle. Natural cooling and heat dissipation along 
the tail pipe produce substantially lower exhaust-gas tem- 
peratures here than at the engine outlet. 
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Following a certain period of operation the particulate 
filter must be regenerated. This is done by common engine 
modifications to increase the exhaust-gas temperature at the 
engine outlet. This also increases the emission of unburned 
hydrocarbons which are burned at the oxidation catalyst while 
releasing additional thermal energy. As a result, the ex- 
haust-gas temperature at the hydrocarbon adsorber, too, in- 
creases to such an extent that desorption of hydrocarbons be- 
gins. The desorbed hydrocarbons are subsequently burned at 
the oxidation coating of the particulate filter, thereby in- 
creasing the exhaust-gas temperature - at the particulate fil- 
ter up to the soot ignition temperature. 

Initiation of the regeneration should be triggered in 
particular when, on the one hand, the soot load allows reli- 
able combustion to occur and, on the other hand, the storage 
loading is sufficiently high to reduce the additional fuel 
requirement. 

The state of loading of the hydrocarbon adsorber depends 
on the driving profile of the vehicle user. A vehicle which 
is frequently run at high load fails to store any, or stores 
only an insufficient amount of, hydrocarbons in the hydrocar- 
bon adsorber. The expected positive effect of desorbing hy- 
drocarbons when regeneration is initiated will naturally be 
low in this case. This will, however, be unnecessary for such 
a driving profile as the high exhaust-gas temperatures lead 
to an at least partly continuous combustion of the soot. 

By contrast, a vehicle having a high part of low-load 
operation stores a large amount of hydrocarbons in the hydro- 
carbon adsorber. This reduces its emission of hydrocarbons. 
At the same time, the engine's fuel consumption during ini- 
tiation of the regeneration is lowered as the storage mate- 
rial desorbs a considerable amount of hydrocarbons during the 
regeneration . 

Thus, the hydrocarbons accumulated during engine operat- 
ing phases at a low exhaust-gas temperature are advanta- 
geously used to* support the regeneration of the particulate 
filter and improve the energy balance of the regeneration. 
Fuel consumption needed for the regeneration may be lowered. 
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Moreover, the adsorption of the hydrocarbons also improves 
the emission level; with the improvement being the stronger 
the greater the storage capacity of the hydrocarbon adsorber. 

The oxidation catalyst is installed close to the engine 
according to the invention. Installation close to the engine 
guarantees the observance of emission limits in normal driv- 
ing mode. Any known diesel oxidation catalysts of the state 
of the art may be employed for the purposes of the present 
invention. Thus, catalysts made of a mixture of a platinum- 
activated aluminum oxide or aluminum silicate with one or 
more zeolites may be used, for example. Of particular advan- 
tage, however, are also catalyst formulations containing no 
zeolites or only a very small amount of zeolites, because due 
to the installation of the oxidation catalyst close to the 
engine, the exhaust-gas temperatures at the installation site 
during the predominant part of engine operation will be above 
the desorption temperature for hydrocarbons so that the zeo- 
lites will be largely useless as hydrocarbon adsorbers here. 

For the hydrocarbon adsorber, any adsorption materials 
are suitable which can absorb the unburned hydrocarbons emit- 
ted by the diesel engine within the temperature range between 
room temperature and 150 to 200 °C and desorb them again at 
higher temperatures. Various zeolites are suitable, such as, 
for example, ZSM5, DAY (dealuminized Y-zeolite) , mordenite, 
silicalite, p-zeolite or mixtures thereof. 

Zeolites are preferably used for the exhaust-gas purifi- 
cation system according to this invention. The zeolites may 
be present in the form of a bed of pelletized or extruded 
molded bodies or applied in the form of a coating onto a hon- 
eycomb body. The latter is particularly advantageous. 

Essentially, the hydrocarbon adsorber does not include 
any activation by catalytically active components to prevent 
the hydrocarbons stored on the adsorber from being continu- 
ously burned already on the adsorber so that they are no 
longer available when the regeneration of the particulate 
filter is initiated. It may, however, be advantageous to 
catalytically activate the adsorber with platinum at a low 
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concentration up to 0.1 g/1 of adsorber volume to minimize 
coking of the adsorber material. 

The amount of adsorber material used is specified such 
that the storage capacity of the adsorber is capable of ad- 
sorbing a large part of the diesel engine's hydrocarbon emis- 
sions between two regeneration rounds of the particulate fil- 
ter. The storage capacity may be in the range between 1 and 
50, preferably between 2 and 10 and particularly about 
5 grams of hydrocarbons. 

Compared to the prior art exhaust-gas purification sys- 
tem made of a zeolite-containing oxidation catalyst upstream 
of a particulate filter, the present invention presents es- 
sential advantages. By separating the oxidation catalyst from 
the hydrocarbon adsorber both components may be arranged at 
locations in the exhaust-gas system that are suitable for 
both of them: the oxidation catalyst may be located close to 
the engine so that it is rapidly heated up to its light-off 
temperature, and the hydrocarbon adsorber may be arranged far 
away from the engine in an area of low exhaust-gas tempera- 
tures to eliminate premature desorption of the hydrocarbons. 

Separating the oxidation catalyst from the hydrocarbon 
adsorber also prevents premature desorption by oxidation of 
the hydrocarbons at the catalytically active centers of the 
catalyst and concurrent heating of the oxidation catalyst and 
storage material. Further, if the oxidation function and the 
adsorber function are separated the amount of the storage ma- 
terial used for the hydrocarbons may be determined according 
to the quantity of heat needed for filter regeneration, which 
depends on the size of the filter used but also on the filter 
material employed. 

The method of operating the exhaust-gas purification 
system according to this invention is carried out as follows: 

During operating states of the engine with exhaust-gas 
temperatures at the engine outlet below about 200 °C, the hy- 
drocarbons emitted by the engine and not converted by the 
oxidation catalyst are adsorbed at the hydrocarbon adsorber 
(storage phase) , and the emitted soot particles are deposited 
on the particulate filter. During engine operating states 
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with exhaust-gas temperatures at the engine outlet exceeding 
200 °C, the emitted hydrocarbons are converted by the oxida- 
tion catalyst. 

The above-mentioned temperature of 200 °C is an example 
and does not constitute a strict limit. Rather, transition 
from the storage phase to oxidation of hydrocarbons at the 
oxidation catalyst is smooth and depends on the specific 
properties of the oxidation catalyst and the hydrocarbon ad- 
sorber . 

Regeneration of the particulate filter is initiated if 
required or at regular intervals. The criterion used for the 
decision may be the exhaust backpressure of the particulate 
filter. The exhaust backpressure of the particulate filter 
increases with rising soot load. Regeneration will be initi- 
ated when a predetermined value for the permissible backpres- 
sure is exceeded. 

This is done by raising the exhaust-gas temperature at 
the site of the hydrocarbon storage by engine modifications 
above the desorption temperature of the hydrocarbons, and the 
desorbed hydrocarbons are catalytically burned at the oxida- 
tion coating of the particulate filter. 

In order to increase the mass of stored hydrocarbons the 
concentration of hydrocarbons in the exhaust gas may be 
raised by post-injecting hydrocarbons into the cylinders of 
the internal combustion engine during the storage phases, 
i.e., at a low exhaust-gas temperature. 

Figure 1 shows the basic structure of an exhaust-gas pu- 
rification system 1. Reference number 2 denotes the internal 
combustion engine. A converter shell is arranged in the ex- 
haust-gas system closely downstream of the engine outlet and 
includes the oxidation catalyst 7. A second converter shell 3 
with the hydrocarbon adsorber 4 and the particulate filter 5 
arranged downstream is located in the underbody area. 

Arranging the oxidation catalyst 7 close to the engine 
ensures that the exhaust-gas temperature at partial load and 
full load exceeds the light-off temperature of the oxidation 
catalyst and can nearly completely convert unburned hydrocar- 
bons emitted by the engine. Shortly after cold start and when 
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idling, however, the exhaust-gas temperature is usually below 
the light-off temperature of the oxidation catalyst so that 
the catalyst cannot convert the unburned hydrocarbons. There- 
fore, they reach the hydrocarbon adsorber 4 together with the 
exhaust gas to be nearly completely adsorbed there. 

In the preferred embodiment of the exhaust-gas system 
shown herein, the hydrocarbon adsorber is located in the same 
converter shell as the particulate filter. When the engine 
control unit of the internal combustion engine initiates a 
regeneration of the particulate filter by raising the ex- 
haust-gas temperature, then the hydrocarbons present on the 
hydrocarbon adsorber desorb as soon as the exhaust-gas tem- 
perature exceeds a value of about 200 °C at the site of the 
adsorber and reach the particulate filter where they are 
burned by the oxidation coating while releasing combustion 
heat. Thus, the soot deposited on the particulate filter is 
ignited and burned. 

Preferably, a wall flow filter is used as the particu- 
late filter. In that case the oxidation catalyst is coated on 
the entry side thereof. 



